Active migration of Entamoeba histolytica trophozoites through extracellular matrixes might play a role in host tissue destruction. Trophozoites degrade soluble fibronectin (FN) bound to their surface and adhere to substrate-bound FN, producing local degradation. FN proteolytic fragments were used to determine the nature of adhesion and motility-promoting domains within the protein. The 70-kDa fragment (amino-terminal end) promoted the highest adhesion, followed by the 120-kDa fragment, which contains the cell-binding domain. The 25-kDa fragment (carboxy-terminal end of the A chain) promoted half the adhesion, while two Hep II -binding fragments had no effect. The 70-and 120-kDa fragments also stimulated directed migration and chemokinesis. Intact FN and the 25-kDa fragment showed lower stimulation. The Hep II -binding fragments had no activity. Results support previous evidence for distinct cell-surface components as mediators of adhesion to FN and trophozoite motility and the potential importance of cell matrix recognition and degradation in their invasive behavior.
Entamoeba histolytica causes severe damage to the intestinal with the plasma membrane and the actin cytoskeleton and is mucosa, its basal lamina, and other tissues of the human host.
present in isolated adhesion plates [6, 9] . Preliminary evidence During acute invasion by this parasite, besides cell lysis and indicates that this peptide preferentially binds to the aminotissue necrosis, extensive degradation of extracellular matrix terminal end of FN molecules [10] . The other FN-binding pro-(ECM) components have been observed in histologic and ultratein, also located on the cell surface, is a 140-kDa molecule structural studies of biopsies taken from patients or experimenwith similarities to b 1 integrins from higher eukaryotic cells tally induced lesions in susceptible animals [1] . In vitro interacand, therefore, is expected to interact with the cell-binding tion of trophozoites with ECM proteins triggers a variety of domain in the central fragments of the FN molecule [11] . These responses that can be correlated with the target binding and observations imply that binding to FN in Entamoeba trophozolysis steps seen during the tissue invasion process. For example, ites could be mediated by at least two distinct ''receptors'' that fibronectin (FN) and laminin substrates stimulate the adhesion would recognize FN domains with different affinities and could of the amebas by inducing the formation of actin-enriched then activate distinct signaling pathways and cell responses. cytoskeletal structures that function as adhesion plates. At the In metastatic cells, although there is a clearly identified cell same time, binding increases the local release of proteases with binding domain in the FN molecule, binding to it is not sufficoncomitant degradation of the substrate [2, 3] . cient to stimulate both cell adhesion and motility. Thus, binding Furthermore, it has been shown that the interaction of trophoof the cells to other domains in the FN molecule seems neceszoites with collagen gels triggers release of collagenases by sary for complete stimulation [12] . As the amebas not only exocytosis of proteinase-containing organelles [4] . It has also bind to FN but also to other ECM proteins in the host, the been demonstrated that the metabolic and structural changes presence of several receptors for these types of proteins seems elicited in the amebas by binding to FN are correlated with the plausible. Furthermore, the observed degradation of FNactivation of signal transduction pathways, such as the adenylyl either as a substrate or in soluble form -by the trophozoites cyclase and protein kinase C pathways. The signaling cascade suggests that the proteolytic fragments released to the medium leads to [Ca 2/ ] i increments, phosphorylation of proteins, and could contribute to promote adhesion of the trophozoites to enhanced adhesion resulting from the increase in the number certain tissues and, at the same time, act as chemotactic agents. and size of actin adhesion plates and actin aggregates [5 -8] .
In nate membrane, the chambers were chilled in ice for 10 min and tapped several times on the top with a metal spatula. Then 3.7% concentrations of 1.0 mg/mL was dialyzed into 50 mM sodium acetate, 0.1 mM phenylmethylsulfonyl fluoride (PMSF), and 0.1 formaldehyde was added to the lower chamber, and when all the cells had settled on the flat bottom of the wells, they were counted mM diisopropyl fluorophosphate. Cathepsin D at 5.0 U/mL was added at a final concentration of 10 mg of cathepsin/mg of fibrousing an inverted microscope fitted with an ocular micrometer. Cell viability was assessed at the end of the experiment in a control nectin and incubated at 37ЊC for 17 h. The reaction was terminated by the addition of pepstatin A to a concentration of 0.020 mg of chamber as indicated for the adhesion assays. Chemotactic activity is expressed as the chemotactic index (CI), where CI Å % chemopepstatin A/mg of cathepsin D (0.3 mM). The reaction mixture was titrated to pH 7.5 by the addition of 6 N NaOH and applied to a tactic migration/% random migration; CI Å 1.0 indicates absence of chemotactic response. 10-mL gelatin-Sepharose 4B column equilibrated in PBS at 25 mL/h. After a wash with PBS, the bound 70-kDa fragment was
Checkerboard filter assay. The influence of gradient concentrations of intact FN and FN-derived fragments was studied using eluted with 4 M urea in PBS, pH 7.4.
The nonadherent material was applied to a heparin-Sepharose a checkerboard filter assay [18] . Serum-starved trophozoites (1.5 1 10 4 /well) were allowed to migrate for 2 h at 37ЊC through column equilibrated in 50 mM NaCl plus 20 mM TRIS, pH 7.4. Two fragments containing Hep II-binding domains of about 66 polycarbonate membranes (Transwell; Costar) with various concentrations of FN or FN fragments (0-25 mg/mL) in the chambers and 75 kDa were eluted by addition of 0.5 M NaCl in PBS. The unbound material was then concentrated by precipitation with 40% above and below the filter. BSA (100 mg/mL) was added to each chamber. Cells that migrated through the filter were counted as (wt/vol) ammonium sulfate, resuspended in PBS plus 0.1 mM PMSF, and applied to a Sephacryl S-300 column (Pharmacia), indicated for the chemotactic assays. Chemotactic activity is expressed as CI as explained above. which resolved a major 120-kDa fragment from a 25-kDa fragment after elution with the same buffer. The separated peptides were checked for purity by 10% discontinuous SDS-PAGE. Intact FN and the purified fragments were stored at 070ЊC. as assessed by trypan blue exclusion, was ú95% after these and Materials and Methods. The coating concentrations used were Costar) with slight modifications of a previously described assay in the range reported to induce maximal adhesion of trophozo- [17] . Cells were incubated in TYI medium [13] without serum ites to substrate-bound FN [2, 7] . 
Results

Adhesion
Migration toward soluble FN and FN-derived fragments.
To test the effect of intact FN and FN-derived fragments on trophozoite migration, we used two approaches. First, the CI was calculated from concentration-response curves of the stimulated motility induced in amebas by intact FN or the different fragments in soluble form. As seen in figure 4 , migration toward intact FN was seen as a broad peak starting at 10 mg/mL. The maximal response was at 25 mg/mL. Higher concentrations did not increase the response. The stimulus of intact FN on trophozoite migration or CI was 2-fold greater than random motility, which is migration in the absence of attractant and is indicated in the graph as CI Å 1.0. In contrast, the fragments of 70 and 120 kDa elicited, at the same concentra- cell migration.
kDa, Hep II -binding, and 25-kDa fragments that were layered for several hours on the plastic wells, then blocked with BSA. As previously demonstrated [2, 7] , intact FN showed a marked stimulatory effect on adhesion that started with coating concentrations as low as 2.5 mg/mL and reached a plateau at 50 mg/mL. The highest value obtained, using 25 mg/mL intact FN, that usually reached values 5-fold higher than those obtained from binding to plates covered only with BSA, were standardized to 100% adhesion after subtracting the unspecific binding. The 70-kDa fragment showed a clear stimulatory effect to almost 110% adhesion, which, although not significantly different from the effect of intact FN, was maintained at this higher value, independently of its concentration. The 120-kDa cellbinding fragment also showed a significant stimulatory effect on adhesion, close to 85% but almost 25% lower than the effect induced by the amino-terminal fragment. The 25-kDa fragment enhancement of adhesion reached a value one-half of that induced by intact FN or the 70-and 120-kDa fragments and only at concentrations 10 times higher ( §25 mg/mL). The Hep II -binding fragments had a negligible stimulatory effect, even at concentrations as high as 100 mg/mL. Similar conclusions could be drawn from experiments in which the effect of intact FN and FN-derived fragments on adhesion was evaluated using equimolar concentrations of the intact protein and the peptides, to ensure about the same number were not significantly different from the effect produced by / 9d3b$$de02
10-29-97 18:10:43 jinfal UC: J Infect 120-kDa fragment had an effect similar to the one shown by the 70-kDa fragment (figure 5C), with increased chemokinesis at 5 and 10 mg/mL (values along the diagonal) and augmented chemotaxis (3.22-fold) at concentrations of 25 mg/mL in the lower chamber. The 25-kDa fragment produced a very low induction of chemokinesis (values along the diagonal) and a ú2.0-fold increase in chemotaxis starting at 5 mg/mL, with the stimulus remaining more or less constant up to 25 mg/mL ( figure 5D ). The latter effect was similar to that shown by intact FN. The Hep II -binding fragments were not tested by checkerboard analysis, as they did not elicit a response in the chemotactic assays. To check if FN or the fragments remained in solution after the experiments, aliquots of the protein solutions in the chambers were checked by SDS-PAGE, comparing the same concentrations of protein solution that had not been incubated. A negligible amount of protein apparently was bound to the filter. observed [1] . Previous studies have shown that FN binds to In a second approach, checkerboard analyses were performed using intact FN and the 120-, 70-, and, 25-kDa fragments, within the range of concentrations proven to be effective in chemotaxis. Checkerboard analysis allows discrimination between the random (chemokinetic) movement of the cells and the directed (chemotactic) migratory response by assembling the chambers with different concentrations of the attractant above and below the filter [18] . To rule out unspecificity of the attractant in the migration of the trophozoites, BSA (100 mg/mL) was added to the medium in each (upper and lower) chamber ( figure 5) . The values below the diagonal in figure 5 indicate responses to a positive gradient, whereas those above the diagonal indicate responses to a negative gradient. Therefore, values along the diagonal indicate random motility, as the concentration of the attractant is the same in both chambers.
Discussion
Analyses showed that intact FN did not stimulate chemokinesis but stimulated chemotaxis in a concentration-dependent manner up to 10 -25 mg/mL in the lower chamber. At these concentrations, the stimulus induced 2.21-to 2.26-fold increases above random motility, which has a value of 1.00 ( figure 5A ). On the contrary, the FN fragments of 70 and 120 kDa stimulated both chemokinesis and chemotaxis (figures 5B, C). The 70-kDa fragment had a clear effect on chemokinesis, the surface of trophozoites, where it is degraded and often is no participation of integrins or integrin-like receptors in the binding of trophozoites to this fragment, nor in their response internalized. After short periods of elapsed time, the main fragments that were produced corresponded to fragments of to the soluble form of the fragment. It has been reported that fibroblasts and endothelial cells about 70 and 120 kDa [2] . FN substrates are also enhancers of trophozoite adhesion and of secretory activities that lead to bind to the amino-terminal end of FN in addition to interacting with the central cell-binding domain of the protein [20, 21] . local substrate degradation and release of proteolytic fragments [2, 3, 6] .
Melanoma cells also respond to different domains of FN for adhesion or directed motility [12] . Moreover, in bacteria, bindIt has also been demonstrated that trophozoites contain proteolytic enzymes, including collagenases and cathepsin B -type ing to FN takes place through a receptor that recognizes the amino-terminal end of the molecule [22] . proteinases on the cell surface, and are associated to adhesion plates, whose specific substrates could well be ECM compoIn the case of Entamoeba species, preliminary evidence, using antibodies prepared against FN proteolytic-derived fragnents in the host tissues [6, and reviewed in 19] . Conceivably then, trophozoites could bind to ECM proteins and generate ments, indicates that binding of trophozoites to intact FN can be partially inhibited by antibodies prepared against the aminoproteolytic fragments that, in turn, would provide additional stimulation for random and directed movement. Other factors terminal fragment [10] . However, very recently, an integrin b 1 -like protein has been identified in E. histolytica trophozoites, resulting from the interaction, such as the reorganization of the amebic cytoskeleton, which is required for the parasite which suggests that FN binding by amebas could also be mediated by receptors similar to integrins [11] . Although the prodisplacement on this type of substrate, would facilitate subsequent stages of its migration. moting effect in adhesion and migration of trophozoites observed with the 120-kDa FN fragment (which contains the cellWe evaluated the ability of FN-derived fragments, obtained by limited proteolysis with cathepsin D, to enhance substrate binding domains and would then interact with an integrin-like receptor) is significantly lower than the effect produced by the binding and cell migration and compared it with the effects elicited on these processes by intact FN. In our experiments, 70-kDa fragment, it is well defined and high enough to support the idea of trophozoites having distinct receptors for binding proteolytic fragments had the ability to induce both differential substrate binding and chemotaxis within a rather narrow range to different domains in the FN molecule. The presence of several receptors for FN that would bind to of peptide concentration. The 70-kDa fragment produced the highest stimulus for binding to FN as a substrate, as well as different fragments of the molecule in several types of eukaryotic cells is well documented; this could potentially activate for chemokinesis and chemotaxis. This fragment corresponds to the amino-terminal region of the FN chains and, therefore, several signaling pathways to confer different manifestations of cell behavior, particularly in invasive processes [12, 23] . does not include the RGDS-containing domains commonly associated with cellular binding. One could then think that there Unfortunately, in the case of Entamoeba species, the character-/ 9d3b$$de02 10-29-97 18:10:43 jinfal UC: J Infect
